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Abstract

Background. Elderly patients with glioblastoma are perceived to face a poor prognosis with perceptions sur-
rounding older age and a relative lack of randomized data contributing. This study evaluated survival prognostica-
tors in elderly glioblastoma patients to more accurately guide their treatment.

Methods. The records of 169 elderly (>70 years) patients with a new diagnosis of glioblastoma who had undergone
neurosurgical intervention were retrospectively examined for patient sex, age, performance status, comorbidities,
MGMT promoter methylation, surgical intervention, and chemoradiation regime. The adjusted survival impact
of these factors was determined using Cox proportional hazards model and used to devise a two-stage scoring
system to estimate patient survival at the stage of surgical (Elderly Glioblastoma Surgical Score, EGSS) and onco-
logical management (Elderly Glioblastoma Oncological Score, EGOS).

Results. The median overall survival (mOS) of the cohort was 28.8 weeks. Gross-total and subtotal resection
were associated with improved survival compared to biopsy alone (respective mOS 65.3 and 28.1 vs 15.7 weeks,
P < .001). Hypofractionated radiotherapy (40Gy in 15 fractions) with Temozolomide was noninferior to the Stupp
protocol, P=.72. Exploratory subgroup analysis revealed a significant benefit of Temozolomide-based approaches
in MGMT-methylated patients as well as a trend towards improved survival in MGMT-unmethylated patients. Our
EGSS and EGOS scores successfully estimated survival in this retrospective cohort with 65% and 73% accuracy.
Conclusions. Where appropriate and safe, elderly glioblastoma patients may benefit from surgical resection and
combined chemoradiotherapy with Temozolomide. The proposed EGSS and EGOS scores take into account impor-
tant prognostic factors to help guide which patients should receive such treatment.

Key Points
e Elderly glioblastoma (GB) patients require individualized management decisions.

e A subgroup of very fit elderly GB patients may benefit from TMZ regardless of their
MGMT status.

e EGSS and EGOS scores can estimate the survival of elderly GB patients.
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Importance of the Study

The optimal management of elderly patients
with glioblastoma is supported by poor evi-
dence base, which sometimes leads to a more
cautious approach in both the surgical and on-
cological setting. The present study aims to ad-
dress this uncertainty by building a prognostic
scoring system based on multiple relevant vari-
ables identified through retrospective analysis

Glioblastoma is the most common and aggressive pri-
mary malignant brain tumor diagnosed in approximately
2100 patients in England each year." With a median age at
diagnosis of 55-65 years, a sizeable and growing propor-
tion of cases occurs in the elderly patients.?® Compared to
younger glioblastoma patients, the elderly cohort face a
considerably worse prognosis with patient age and MGMT
promoter methylation repeatedly reported as important sur-
vival prognosticators."*® Other prognostic factors include
performance status at diagnosis, comorbidities, neurolog-
ical impairment, tumor location, and size.® Importantly,
these factors also influence the probability of more ag-
gressive surgical and oncological interventions’ and their
direct impact on survival is difficult to unpick without ran-
domized studies or multivariate adjusting. To date there are
few randomized trials or multivariate analyses collectively
exploring the direct impact of biological, molecular, neuro-
surgical, and oncological factors on the survival of elderly
(=70 years) glioblastoma patients.® Consequently, clinicians
commonly struggle with optimal management decisions
further complicated by considerable comorbidities and
chemoradiation sensitivity in this age group.

In this retrospective cohort study of elderly (=70 years)
patients with glioblastoma, we used multivariate Cox pro-
portional analysis to examine the independent contribu-
tion of the following variables on patient survival: sex, age,
and WHO performance status at diagnosis, MGMT pro-
moter methylation, comorbidities, the extent of neurosur-
gical resection, intraoperative use of 5-aminolevulinic acid
(5ALA) and (chemo)radiotherapy regime. The variables
with significant independent survival effect were used to
devise a two-stage scoring system to estimate survival of
the elderly glioblastoma patients at the stage of neurosur-
gical (Elderly Glioblastoma Surgical Score, EGSS) and on-
cological management (Elderly Glioblastoma Oncological
Score, EGOS). As a result, our study also identifies a cohort
of elderly glioblastoma patients who could benefit from
more proactive treatment compared to current accepted
standard of care.

Methods
Study Design

Patients with a new diagnosis of isocitrate dehydrogenase
(IDH)-wildtype glioblastoma aged 70 years or above

of our large local patient cohort, with the goal
of identifying types of patients who may ben-
efit from more aggressive treatment with view
to improving survival. As a result, the study
also identifies a cohort of elderly glioblastoma
patients who could benefit from more proac-
tive treatment compared to current accepted
standard of care.

who had received neurosurgical management at our ter-
tiary center at the John Radcliffe University Hospital in
Oxford, UK, between January 2013 and December 2019
were identified in the Neuropathology Database of the
Oxford University Hospitals NHS Trust. All patients were
discussed at the Neurooncology multidisciplinary team
meeting. Dependent on patients age, performance status
and MGMT promoter methylation, the chemoradiotherapy
regimes were proposed by specialist Neurooncology con-
sultants following the Thames Valley Hospital Network
Protocol (Supplementary Figure 1) and agreed in discus-
sion with the patients. All patient records were anonym-
ized. From 188 biopsy and resection records identified, we
excluded the records belonging to identical patients (4),
patients with reoperations (10), patients diagnosed with
IDH-mutant glioblastoma (2), or grade lll astrocytoma (3).
The remaining 169 patients were included in the analysis.
The study and data collection was approved by the Clinical
Audit Committee of the Oxford University Hospitals NHS
Trust (reference: 30/04/2020-NOTTS-Plaha) and the eth-
ical approval was issued by the Health Research Authority
(IRAS Project ID - 256310).

The following data were extracted from the electronic
patient records of the John Radcliffe Hospital as well as the
associated district general hospitals that provided oncolog-
ical treatment: patient sex, date of birth, date of symptom
onset, presenting complaint, date of diagnosis (based on
CT or MRI scan), tumor location, WHO performance status
at diagnosis, comorbidities, histological diagnosis, MGMT
promoter methylation status, date and type of neurosur-
gical intervention (stereotactic biopsy or resection), the ex-
tent of neurosurgical resection (subtotal versus gross-total
resection based on the presence or absence of any residual
enhancing tumor postoperative T1-weighted MRI im-
aging), intraoperative use of 5-aminolevulinic acid (5ALA),
(chemo)radiotherapy regime and date of death.

Statistical Analysis

Survival was defined as the period between the date of di-
agnosis (based on CT/MRI scan) and the date of death; pa-
tients with unknown survival status were censored at the
date of last follow-up. Kaplan-Meier survival analysis with
log-rank test was used to determine survival differences
between patient subpopulations.

A 2-stage scoring system was constructed to esti-
mate the survival of elderly (=70 years) glioblastoma
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patients receiving different neurosurgical (Stage 1: Elderly
Glioblastoma Surgical Score, EGSS) and oncological
interventions (Stage 2: Elderly Glioblastoma Oncological
Score, EGOS).

To design the scoring system, factors with direct sur-
vival impact were identified using multivariate Cox propor-
tional hazards model. Hazard radios (HRs) of factors with
significant (P < .05) direct effect on survival were used to
construct the EGSS and EGOS scores. Factors associated
with increased risk of death (HR > 1) were assigned a score
equivalent to the negative value of their HR. Factors with
reduced risk of death (HR < 1) were assigned a score of 1/
HR.Therefore, higher EGSS and EGOS scores were associ-
ated with improved overall survival. To simplify their clin-
ical use, the scores were rounded to the closest multiple
of 5 and divided by 5. Despite an effect on the HR-to-score
ratios, a correction of +2 points was applied to the score for
each factor to avoid negative values and simplify the score
for clinical use.

To validate the scoring system, patients were randomly
divided into a training data set and a validation data set
at a ratio of 2:1 which was determined empirically. EGSS
scores (range 1-8) of patients in the training set were cat-
egorized into three groups, score 1-3, 4-6, and 7-8, which
maximized the log-rank statistic of pairwise comparison.
Similarly, EGOS scores (range 1-12) of patients in the
training set were categorized into five groups, score 1-3,
4-5, 6-8, 9-11, and 12 based on maximal log-rank statistic
of pairwise comparison. Kaplan-Meier survival analysis
was used to determine the median survival of each EGSS
score group and the independent survival effect of each
score group was evaluated using Cox proportional hazards
analysis.The same method was used to determine the me-
dian survival and independent effect on survival of each
EGOS score group.

The survival predictions of the EGSS and EGOS scores
derived from the training set were assessed in the vali-
dation set. To evaluate accuracy, the predicted survival of
each patient based on their EGSS and EGOS score was
compared with the actual survival. A prediction was con-
sidered accurate when the actual survival of a patient was
within the 95% CI of predicted median survival for each
score group.To evaluate the discrimination ability of EGSS
and EGSS score groups, their survival distributions in the
validation set were compared using Kaplan-Meier survival
analysis. As in the training set, the independent effect of
score groups on survival in the validation set was assessed
using Cox proportional hazards model using score groups
as covariates. All statistical analyses were performed using
IBM SPSS Statistics software. The data were analyzed
using parametric tests and normality was evaluated using
residual plot analysis, Saphiro-Wilk, and Kolmogorov-
Smirnov tests. A two-tailed P < .05 was considered statis-
tically significant.

Results

Three patients were still alive at the time of the analysis.
The median overall survival (mOS) in our cohort of elderly
(>70 years) glioblastoma patients was 28.8 weeks (95%ClI

22.6-35.1 weeks) and the average age at diagnosis was
74.6 years. Patient background characteristics and informa-
tion about presenting symptoms, surgical and oncological
management are summarized in Supplementary Figure 2.

Figure 1 shows the Kaplan-Meier survival distributions
of elderly glioblastoma patients stratified for age, WHO
performance status, and MGMT promoter methylation.
The median survival of patients aged 70-75 (mOS 35.4
weeks, 95%Cl| 29.5-41.3 weeks) was significantly longer
in comparison to 75-80 (mOS 21.4 weeks, 95%Cl 17.8-25.0
weeks) and >80 age groups (mOS 7.8 weeks, 95%Cl 5.9-9.8
weeks, Figure 1A), P < .001. Similarly, significant improve-
ment in mOS was observed in patients with lower perfor-
mance status at diagnosis (Figure 1B) and patients with
methylated MGMT promoter (Figure 1C). Patient sex and
comorbidities, i.e. any medical or surgical condition re-
quiring long term medication or surveillance, had no sig-
nificant effect on mOS (Supplementary Figure 3, P> .05).

The Kaplan-Meier survival distributions for different sur-
gical interventions are presented on Figure 2A and B. The
patients with stereotactic biopsy alone (mOS 15.7 weeks,
95%Cl 14.0-17.4 weeks) had significantly shorter median
survival compared to patients with subtotal (mOS 28.1
weeks, 95%Cl 20.9-35.4 weeks) and gross-total resection
(mOS 65.3 weeks, 95%CIl 53.1-77.5 weeks), P < .001 (Figure
2A). Intraoperative use of 5ALA in patients undergoing sur-
gical resection (ie excluding patients undergoing biopsy
alone) was associated with a markedly significant mOS
increase from 15.9 weeks (5ALA not used) to 45.4 weeks
(5ALA used, Figure 2B), P<.001.

Regarding oncological management (Figure 2C), there
was no significant difference between patients that re-
ceived Temozolomide (TMZ) in combination with standard
(RT60/30+TMZ) and hypofractionated (RT40/15+TMZ) ra-
diotherapy (P = .72). Both regimes with TMZ, however,
were associated with improved survival in comparison
to RT40/15 alone (P = .03). Significant difference in line
with cumulative radiation dose was observed between
RT40/15 alone and RT34/10 alone (P < .001) while the dif-
ference between RT34/10 and RT30/6 regimes was not
statistically significant (P = .640). With the mOS of 14.1
weeks (95%Cl 11.9-16.4 weeks), patients who received no
chemoradiotherapy (CRT) had significantly shorter survival
period compared to all other CRT regimes (P<.001). Figure
2D shows median survival of all patient subpopulations
and their pairwise log-rank comparisons. Patients receiving
each CRT regime were further stratified based on their
MGMT methylation status (Supplementary Figure 4A and
4B). Of note, MGMT-unmethylated patients that received
RT60/30+TMZ showed significantly longer survival (mOS
57.9 weeks, 95% Cl 27.7-88.1 weeks) compared to MGMT-
unmethylated patients who received RT40/15 alone (mOS
29.7 weeks, 95%Cl 7.1-51.6 weeks), P=.002 with no excess
toxicity in the RT60/30+TMZ subgroup (Supplementary
Figure 4C). However it should be noted that 19 out of 29
patients in this group were aged 70-75.

The direct survival impact of each variable was evalu-
ated using Cox proportional hazards model (Figure 3A).
Intraoperative use of BALA was excluded from the multi-
variate model due to its collinearity with gross-total resec-
tion. Adjusted for the effect of other variables, patient sex,
age 70-75, comorbidities, RT40/15 alone, RT34/10 alone,
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Figure 1. Kaplan-Meier survival distributions of elderly glioblastoma patients stratified for age, WHO performance status (PS), and MGMT pro-

moter methylation. Patients in younger age groups (A), lower PS at diagnosis (B) and methylated MGMT status (C) were observed to have sig-
nificantly longer median 0S compared to their respective controls. Survival distributions were compared using pairwise log-rank test (D). m0S,

median overall survival; PS, WHO performance status; 95%Cl, 95% confidence intervals.

RT30/6 alone, and PS = 2-3 had no direct effect on survival
(P> .05). Direct survival benefit was observed for subtotal
resection (adjusted hazard ratio, HR = 0.58, 95%CI 0.36-
0.76), gross-total resection (HR = 0.36, 95%CI 0.11-0.74),
MGMT promoter methylation (HR=0.73, 95%CI 0.55-0.92),
RT60/30+TMZ (HR = 0.11, 95%Cl 0.10-0.35), RT40/15+TMZ
(HR = 0.13, 95%Cl 0.06-0.49) and PS = 0-1 (HR = 0.32, 95%
0.14-0.57), P < 0.05. In contrast, direct negative effect on
survival was demonstrated for age 75-80 (HR = 3.91, 95%Cl
2.63-4.49), age >80 (HR = 7.84, 95%Cl 4.04-12.47), biopsy
alone (HR = 5.23, 95%Cl 1.92-20.23), no CRT (HR = 8.06,
95%Cl 4.58-17.91) and PS = 4 (HR = 8.52, 95%Cl 4.65-
17.14). Based on the HRs of variables with significant sur-
vival impact, we devised simplified Elderly Glioblastoma
Surgical Score (EGSS, Figure 3B) and Elderly Glioblastoma
Oncological Score (EGOS, Figure 3C) to estimate the sur-
vival of elderly glioblastoma patients at the stage of sur-
gical and oncological management, respectively. EGOS
differs from EGOS by also accounting for the effect of
chemoradiotherapy while all other factors remain identical
between the two scores.

To derive and validate the survival predictions of the
EGSS and EGOS scores, our patient cohort was randomly
divided into a training set (n = 113, 67%) and a validation
set (n = 56, 33%). There was no statistically significant

difference in baseline characteristics between the two sets
(Supplementary figure 5, P> 0.05). To simplify the scoring
system and make it clinically convenient, the EGSS and
EGOS scores of patients in the training set were grouped
into categories based on maximal log-rank statistics for
pairwise comparison (Supplementary Figure 6): EGSS
score 1-3, 4-6, and 7-8, EGOS score 1-3, 4-5, 6-8, 9-11, and
12. Cox regression analyses using EGSS and EGOS score
categories as covariates revealed that increasing EGSS
and EGOS scores are associated with decreasing HRs in
both the training and the validation sets (Supplementary
Figure 7). The Kaplan-Meier survival curves demonstrated
clear separation between the three EGSS score categories
in the training (Figure 4A) and the validation set (Figure
4C). A higher EGSS score also corresponded to a longer
median survival which ranged from 6.6 to 62.7 weeks in
the training set and from 9.4 to 70.6 weeks in the valida-
tion set, according to the score category. Clear separa-
tion between Kaplan-Meier survival curves in the training
(Figure 4B) and validation (Figure 4D) was also observed
for the five EGOS score categories. An increasing EGOS
score was associated with prolonged median survival
ranging from 7.4 to 74.3 weeks in the training set and 6.1
to 77.3 weeks in the validation set, according to the score
category.
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resection resection
Biopsy alone 15.7 14.0-17.4 <0.001 <0.001
Subtotal resection 28.1 20.9-35.4 <0.001 <0.001
Gross total resection 65.3 53.1-77.5 <0.001 <0.001
Intraoperative use of 5ALA 5ALA used 5ALA not used
5ALA used 45.4 35.8-55.0 <0.001
5ALA not used 15.9 13.6-18.1 <0.001
Chemor py RT60/30 + TMZ RT40/15 + TMZ RT40/15 alone RT34/10 alone RT30/6 alone No treatment
RT60/30 + TMZ 50.6 32.4-68.7 0.720 0.020 <0.001 <0.001 <0.001
RT40/15 + TMZ 60.9 49.9-71.8 0.720 0.030 <0.001 <0.001 <0.001
RT40/15 alone 41.4 31.1-515 0.020 0.03 <0.001 <0.001 <0.001
RT34/10 alone 28.9 6.2-51.5 <0.001 <0.001 <0.001 0.640 <0.001
RT30/6 alone 19.4 11.3-27.5 <0.001 <0.001 <0.001 0.640 <0.001
No treatment 14.1 11.9-16.4 <0.001 <0.001 <0.001 <0.001 <0.001

Figure 2. Kaplan-Meier survival distributions of elderly glioblastoma patients stratified for the extend of surgical resection, intraoperative use of
5ALA and CRT regime. Greater extent of surgical resection (A), intraoperative use of 5ALA (B), and more aggressive CRT regimes (C) were associ-
ated with significantly improved survival compared to respective controls. Survival distributions were compared using pairwise log-rank test (D).

mO0S, median overall survival; 95%Cl, 95% confidence intervals.

The survival predictions of EGSS and EGOS score
categories were based on 95% confidence intervals of me-
dian survival in the training set (Table 1). The accuracy of
EGSS and EGOS estimates in the validation set was 65%
and 73%, respectively. The area under the curve of the re-
ceiver operating characteristic curve (AUC) of 0.622 for
EGSS and 0.718 for EGOS (Supplementary Figure 8).

Discussion
Prognosticators of Survival

Age.—With longer life expectancy in the Western coun-
tries, the number of elderly glioblastoma patients continues
to rise. Their management remains difficult with a con-
cern about the poor prognosis partly resulting from their
undertreatment in comparison with younger patients.>'°This
is mostly driven by the well-recognized and marked survival
impact effect of age: the 12-month survival probability for
glioblastoma patients >75 years in a large US dataset was
reported as only 9.2% compared to 40.7% for patients aged
55-64."" In line with large registry data,"'? our study dem-
onstrated significant survival differences between the 70-75,
75-80, and >80 age subgroups with mOS of 35.4, 21.4, and
7.8 weeks, respectively. Relative to other factors in our multi-
variate analysis, age was not a significant survival prognos-
ticator in 70-75-year-olds but its direct impact on survival did
became significant in the 75-80 and >80-year-old cohorts
(HRs of 3.9 and 7.9, respectively, P <.05).

MGMT promoter methylation.—The survival benefit of
MGMT promoter methylation, predominantly in associ-
ation with Temozolomide, has been reported by multiple
randomized trials.>'3' In line with these findings, our re-
sults show a clear survival benefit of MGMT methylation
(mOS 49.7 weeks, 95%Cl 40.3-59.1 weeks) in comparison
with MGMT-unmethylated status (mOS 32.3 weeks, 95%CI
27.6-37.1 weeks), P<.001. Even after adjusting for the effect
of other variables, MGMT-methylated status had signifi-
cant direct impact on survival (HR =0.73, P=.041) whereas
the multivariate-adjusted effect of MGMT-unmethylated
status was not significant (HR = 1.21, P=.273).

Performance status.—The impact of performance status
on the survival in the elderly glioblastoma cohort is well
documented.®'® Consistent with a recursive partitioning
analysis of >70-year-old glioblastoma patients using a
large US and a French dataset,’® our results demonstrate
a significant association between worse performance
status and shorter survival. A recent retrospective study
from Dusseldorf in Germany suggested that while elderly
(>65 years) and nonelderly (<65 years) patients with glio-
blastoma have comparable performance status at diag-
nosis, the elderly group tends to experience a more rapid
physical decline with a significant performance difference
detectable as early as 6 weeks post radiotherapy.’

Comorbidities.—The survival impact of comorbidities
is difficult to standardize and capture experimentally. We



http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac007#supplementary-data

Zorman et al. Estimating the survival of elderly glioblastoma patients

A Factor HR
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Age 70-75 1.60 0.83-3.78 0.282
Age 75-80 3.91 2.63-4.49 0.004
Age 80+ 7.84 4.04-12.47 0.001
Biopsy alone 5.23 1.92-20.23 0.004
Subtotal resection 0.58 0.36-0.76 0.012
Gross total resection 0.36 0.11-0.74 0.008
e ey 121 08122 0372
MGMT positive 0.73 0.55-0.92 0.041
MGMT negative 1.21 0.83-1.95 0.273
RT60/30 + TMZ 0.11 0.10-0.35 0.023
RT40/15 + TMZ 0.13 0.06-0.49 0.001
RT40/15 alone 0.61 0.31-1.2 0.242
RT34/10 alone 0.94 0.44-1.99 0.873
RT30/6 alone 1.06 0.47-2.38 0.886
No CRT 8.06 4.58-17.91 0.001
PS =0-1 0.32 0.14-0.57 0.041
PS =2-3 1.81 0.40-8.25 0.445
PS=4 8.52 4.65-17.14 0.005

Figure 3.

B Elderly glioblastoma
surgical score (EGSS)
Age 70-75 2
75-80 1
80+ 0
WHO performance 0-1 3
status >3 >
4 0
Surgical Biopsy alone 1
iplefvenion Subtotal resection 2
Gross-total resection 3
Total EGSS score /8
C Elderly glioblastoma
Oncological score (EGOS)
Age 70-75 2
75-80 1
80+ 0
WHO performance 0-1 3
status o5 >
4 0
Surgical Biopsy alone 1
iglenoption Subtotal resection 2
Gross-total resection 3
Chemoradiotherapy RT60/30 + TMZ 4
RT40/15 + TMZ 4
RT40/15 alone 3
RT34/10 alone 2
RT30/6 alone 2
No CRT 0
Total EGOS score n2

Elderly Glioblastoma Surgical Score (EGSS) and Elderly Glioblastoma Oncological (EGOS) based on the results of multivariate Cox pro-

portional hazards analysis. Adjusted for the effect of other variables, Cox proportional hazards model (A) demonstrated significant direct effect
of age 75-80, age 80+, biopsy alone, subtotal resection, gross-total resection, MGMT methylation status, RT60/30+TMZ, RT40/14+TMZ, no CRT,
PS =0-1 and PS =4 on survival of elderly glioblastoma patients (P < .05). EGSS (B) and EGOS (C) survival scores were devised based on variables
with significant direct survival impact identified in the Cox proportional hazards model. HR, adjusted hazard ratio; 95% Cl, 95% confidence interval;

PS, WHO performance status.

stratified patients into two groups based on presence or
absence of significant comorbidities defined as any condi-
tion requiring regular medication or medical surveillance.
Perhaps surprisingly, our data revealed no significant sur-
vival difference between the two groups even after mul-
tivariate adjusting. While chronic comorbidities near both
ends of the severity spectrum clearly influence clinical de-
cisions, it appears that the overall effect of comorbidities
is less significant. This may be attributed to the short sur-
vival of elderly glioblastoma patients with other factors in-
cluding age, performance status, and MGMT methylation
playing a comparatively larger role.

Surgical resection.—As for younger adults and supported
by multiple studies, the standard of surgical care for eld-
erly glioblastoma patients is maximal safe resection with
preservation of neurological function.'%6-1% Despite some
variability in elderly age cutoff, the superiority of resec-
tion over biopsy was demonstrated in the early Vuorinen

trial,"® multiple retrospective studies'®1720.21 and later valid-
ated in the Nordic,?? the German (Neurooncology Working
Group NOA-08 trial)?® and the Perry'* trial. Mostly focusing
on the oncological management, however, these trials did
not report and statistically compare the mOS of patients
with gross-total resection, subtotal resection, and biopsy
alone. Our results demonstrate a significant survival ben-
efit of both gross-total resection (GTR, mOS 65.3 weeks,
95%CI 53.1-77.5 weeks, HR = 0.36) and subtotal resection
(STR, mOS 28.1 weeks, 95%Cl 20.9-35.4 weeks, HR = 0.58)
in comparison with biopsy alone (mOS 15.7 weeks, 95%Cl
14.0-17.4 weeks, HR = 5.23), P < .001. Given significantly
longer survival in the GTR versus STR cohort, the effect
appears to be related to postoperative tumor volume,
which has recently been identified as a survival prog-
nosticator independent of age, MGMT methylation, and
chemoradiation therapy.?* Similarly and albeit not strati-
fied for age, a large meta-analysis by Brown et al. reported
the superiority of GTR over STR in a population of more
than 20,000 glioblastoma patients.” The comparison of
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Figure 4. Kaplan-Meier survival distributions of EGSS and EGOS score categories are comparable between the training (A, B) and the validation
(C, D) set (log-rank test, P< .05). m0S, median overall survival; 95%Cl, 95% confidence intervals.

Table 1. The Accuracy of EGSS and EGOS Survival Predictions. The predictions were based on 95% Cl of median survival in the training set and
their accuracy was tested in the validation set. AUC, area under the receiver operating characteristic curve.

EGSS Score Estimated Survival (Weeks) EGOS Score Estimated Survival (Weeks)
1-3 4-12 1-3 5-9
4-6 14-34 4-5 11-18
7-8 51-97 6-8 20-31
Accuracy 65% 9-1 34-56
AUC 0.622 12 60-95
Accuracy 73%

AUC 0.718
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STR versus biopsy alone, however, remains more con-
troversial with a narrower survival difference and greater
variability in published literature.’This likely results from
STR encompassing a wide range of resection percentages
and perhaps some overlap between biopsy and STR, par-
ticularly in the context of smaller tumors. Furthermore,
the postoperative residual tumor volume has recently
decreased with the availability of intraoperative MRI?® as
well as widespread surgical use of 5ALA.?® The colline-
arity between 5ALA and GTR in our analysis suggests that
intraoperative use of 5ALA largely resulted in complete re-
section of the contrast-enhancing tumor.

(Chemo)radiotherapy.— After maximal safe resection and
based on the landmark Stupp trial (Table 2),%'3 the mainstay
of oncological management of glioblastoma in fit, younger
adults (<70 years) involves 6 weeks of radiotherapy (RT)
with concurrent TMZ (75 mg/m?/day) followed by main-
tenance TMZ (150-200 mg/m?/day x 5 days for six 28-day
cycles), regardless of MGMT promoter methylation.3® Due
to considerable time burden and the impression of better
treatment-to-survival time, elderly patients (>70 years)
are typically treated with shorter, hypofractionated re-
gimes providing a higher daily dose but a lower cumula-
tive dose.?! Despite some variability in elderly age cutoffs
in the Roa et al.?’ and Malmstrém et al.??2 phase 3 trials,
hypofractionated regimes consistently proved as effective
as the standard regime (ie 60Gy in 30 fractions, RT60/30)
(Table 2). Therefore, the latest European Association of
Neuro-Oncology Guidelines for elderly (>65-70 years) pa-
tients with good performance status (KPS > 70) recom-
mend the use of hypofractionated radiation (RT40/15) with
or without concurrent and adjuvant TMZ.

Decisions to offer or withhold TMZ in elderly glioblas-
toma patients are predominantly based on the Perry et al.
trial* (Table 2), which reported a survival benefit of com-
bined RT40/15+TMZ regime in comparison to RT40/15
alone (mOS 9.3 vs 7.6 months, P<.001). In subgroup anal-
ysis, the benefit of TMZ was most pronounced in MGMT-
methylated patients (mOS 13.5 vs 7.7 months for patients
with and without TMZ, respectively, P < .001). A smaller
benefit was also detected in MGMT-unmethylated pa-
tients, but it did not reach statistical significance (mOS
10.0 vs 7.9 months for patients with and without TMZ,
respectively, P = .055). In line with the Perry trial," our
study validates the survival benefit of RT40/15+TMZ over
RT40/15 alone in MGMT-methylated patients aged 70 years
or above (mOS 60.7 vs 41.4 weeks, P < .001). Of note, we
also detected a potential benefit of adding concomitant
and adjuvant TMZ to RT40/15 in MGMT-unmethylated pa-
tients (54.4 vs 41.9 weeks, P = .595), yet the lack of statis-
tical power precluded a meaningful interpretation. Given
considerable clinical and near-statistical benefit demon-
strated by the Perry et al. trial, the use of RT40/15+TMZ
in elderly MGMT-unmethylated patients remains an area
of ongoing debate with variable practice between dif-
ferent oncology centers.3233 Probability ranking from a
recent network meta-analysis of 5 randomized controlled
trials demonstrated that combined hypofractionated ra-
diotherapy with TMZ had the highest probability of being
ranked as the best overall treatment for elderly (>60 years)

glioblastoma patients.®* When adjusted for MGMT meth-
ylation, TMZ-based approaches, either as monotherapy
or in combination with radiotherapy, proved superior to
radiotherapy-only regimes.3

To date, there is no randomized comparison of
hypofractionated chemoradiotherapy (RT40/15+TMZ) and
the Stupp regime (RT60/30+TMZ).%5 In this study and ad-
justed for age, comorbidities, performance status, sur-
gery and MGMT promoter methylation, the standard
(RT60/30+TMZ) and the hypofractionated (RT40/15+TMZ)
chemoradiation regimes both significantly improved
survival with HRs of 0.11 and 0.13, respectively. The dif-
ference between the two regimes was not significant
(P =.72). However, a recent meta-analysis of seven retro-
spective studies in nearly 1000 older adults (for a younger
age group than ours >65 years) demonstrated that
RT40/15+TMZ regime is associated with 14 weeks shorter
mOS than the standard RT60/30+TMZ regime.3® While the
nature of their pooled analysis did not allow for multivar-
iate adjustment, it suggests that until further evidence, the
survival comparisons of standard and hypofractionated
chemoradiation regimes should be tempered. In addition,
the survival benefit of the concurrent versus the mainte-
nance portion of TMZ remains unclear and provides scope
to further optimize the tolerance and toxicity problems in
the elderly patients.

In the Oxford region, elderly patients with good perfor-
mance status (KPS > 70) typically receive a short course
of hypofractionated (RT40/15) radiotherapy with or without
TMZ, depending on their MGMT status. Given the ben-
efit of combined RT60/30+TMZ in glioblastoma patients
under 70 years of age demonstrated in the Stupp trial,*'3
a small proportion of our elderly patient in their early 70s
with excellent performance status may, instead of the
hypofractionated regime, receive RT60/30+TMZ regardless
of their MGMT status. Extending the findings of the Stupp
trial to >70-year-olds, our study demonstrates a greater
survival benefit of RT60/30+TMZ in MGMTmethylated
compared to MGMT-unmethylated patients (mOS 62.7 vs
57.6 weeks, P=.049).

Comparing the outcomes of the standard versus
hypofractionated radiotherapy with TMZ, our data sug-
gest equivalent survival of MGMTmethylated pa-
tients undergoing the standard (RT60/30+TMZ) and the
hypofractionated (RT40/15+TMZ) regime (mOS 62.7
vs 60.9 weeks, P = .271). In our MGMT-unmethylated
subpopulation, however, we detected a considerable sur-
vival benefit of the RT60/30+TMZ regime over RT40/15
alone (mOS 576 vs 29.7 weeks, P = .002). Furthermore,
there is inherent patient selection bias when comparing
a population who receives RT40/15+TMZ compared with
the Stupp protocol, given the mandatory MGMT promoter
methylation positivity required for the former, meaning
that this group contains a favorable patient population.
Finally, our review of adverse events revealed no excess
toxicity (and no cases of grade 3 toxicity) in our MGMT-
unmethylated elderly population treated with the Stupp
protocol compared with RT 40/15 alone.Therefore, we pro-
pose that MGMT-unmethylated patients in their early 70s
with excellent performance status should not be ruled out
of consideration for RT60/30+TMZ regime on the sole basis
of exceeding the arbitrary age limit of 70 years.
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Elderly patients with poor performance status often
better tolerate single-modality therapy, that is radiotherapy
or Temozolomide alone.?®?° Subgroup analyses from ran-
domized trials support the role of MGMT status in guiding
clinical decisions between radiation and Temozolomide.
In both the Nordic??2 and the NOA-082 trials, radiotherapy
(standard RT60/30 and hypofractionated RT34/10 regimes)
proved more effective than Temozolomide in MGMT-
unmethylated patients, whereas Temozolomide was more
effective in MGMT-methylated patients. Our multivariate
analysis also demonstrated a significant survival ben-
efit of hypofractionated radiation (RT40/15 alone) (mOS
41.4 weeks, HR 0.61), which was expectedly shorter than
combined chemoradiation regimes with Temozolomide
(mOS of 60.7 weeks for RT40/15+TMZ and 50.6 weeks with
RT60/30+TMZ). The multivariate-adjusted effect of RT34/10
alone and RT30/6 alone was not significant, yet both re-
gimes provided beneficial in comparison with no oncolog-
ical treatment (mOS = 14.1 weeks).

Elderly Glioblastoma Surgical and
Oncological Score

Survival estimates in elderly glioblastoma patients have
historically been difficult owing to patient heteroge-
neity and the lack of randomized or multivariate-adjusted
data that would account for a wide range of biological,
histological surgical, and oncological factors. Straube
et al. recently reported a survival score stratifying eld-
erly (>65 years) glioblastoma patients into a better (mOS
7.8 months) or poor prognosis groups (mOS 2.7 months)
based on age, performance status, MGMT methylation,
and surgical parameters.®’ The accuracy of the score, how-
ever, has not been evaluated within their cohort or ex-
ternally. Two other scores have been reported in smaller
cohorts, with limited prognostic factors and not specific
to the elderly glioblastoma patients.383° Using the results
of our multivariate analysis, we devised and validated a
2-stage scoring system to estimate the survival of elderly
(=70 years) glioblastoma patients based on information
available at the time of surgical and oncological manage-
ment.The accuracy of the EGSS and EGOS score in the val-
idation set was 65% and 73%, respectively. Importantly, the
scoring system does not account for unbiopsied patients
and for patient comorbidities. Inspection of inaccurate sur-
vival estimates in our validation cohort revealed several
inaccurate estimates related to poorly compensated heart,
liver, and renal failure as well as metastatic malignancies.
Therefore, we recommend against the use of the EGSS and
EGOS scoring system in patients with other life-limiting
comorbidities. The area under the receiver operating char-
acteristic curve was 0.622 for EGSS and 0.718 for EGOS. We
recommend the score to be validated in larger registries.

Conclusion

The survival of elderly (>70 years) patients with glioblastoma
is associated with age, MGMT promoter methylation, per-
formance status, the extent of neurosurgical resection, and
adjuvant chemoradiation therapy. The multivariate-adjusted

survival impact of age increases and becomes significant
above the age of 75 years. By reducing residual tumor
volume, gross-total and subtotal resection significantly im-
prove survival compared to biopsy alone. In terms of adju-
vant therapy, combined hypofractionated radiotherapy with
concomitant and adjuvant TMZ is noninferior to the 6 week
Stupp protocol. We have identified a small subset of MGMT-
unmethylated patients with excellent performance status
in their early 70s who may benefit from more aggressive
chemoradiotherapy, with follow-up data from our region
not demonstrating an excess of toxicity when this is utilized.
The survival of elderly (>70 years) glioblastoma patients at
the time of surgical and oncological management can be es-
timated using EGSS and EGOS scores. Further studies are
welcomed to further validate these predictive scores and to
further investigate aggressive adjuvant therapy in the eld-
erly MGMT-unmethylated cohort.

Limitations

Our present study has several important limitations. All data
were retrospectively collected from a single tertiary neu-
rosurgical referral center over a period of six years. In the
absence of randomization, the survival outcomes may be af-
fected by factors not accounted for in our multivariate anal-
ysis, such as tumor location, size, the morbidity of resection,
and postoperative complications. The study also does not
account for patients who declined the recommended sur-
gical and oncological interventions, or who underwent
palliative radiotherapy alone. Importantly, our study de-
fined survival as the period between the date of diagnosis
(based on CT/MRI scan) and the date of death, thereby lim-
iting cross-study comparisons with other studies reporting
survival from the date of randomization,'*?2>?7 surgery,?® or
histological diagnosis.* The average time between the first
imaging diagnosis and surgery in our cohort was 4.1 weeks
(95%Cl 3.6-4.6 weeks). The EGSS and EGOS scores devised
and validated in our cohort of 169 elderly glioblastoma pa-
tients does not account for patients with other life-limiting
comorbidities and requires validation in larger studies.
Given different elderly age cutoffs used in different studies
and our focus on patient aged 70 years or above, the accu-
racy of the scores in 65- to 70-year-olds remains uncertain.
Furthermore, our identification of a subpopulation of pa-
tients who may benefit from more aggressive oncological
management is subject to selection bias given that in prac-
tice, only extremely fit elderly patients would have been ad-
ministered prolonged chemoradiotherapy.

Supplementary Material

Supplementary material is available at Neuro-Oncology
Advances online.

Keywords

chemotherapy | elderly | glioblastoma | radiotherapy |
surgery.
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